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2 GDM has been associated with adverse maternal outcomes subsequent to pregnancy, such as increased incidence of type 2 diabetes mellitus, 3 hypertension, 4 and cardiovascular disease (CVD). 5, 6 Furthermore, women with gestational dysglycemia not meeting criteria for GDM are at increased risk of type 2 diabetes mellitus, 7 metabolic syndrome, 8 and overt CVD. 9 However, because the effect of race/ethnicity in these relationships has not been investigated, we sought to examine this relationship more closely.
Race/ethnicity has been shown to differentially impact several CVD risk factors, including type 2 diabetes mellitus, 10 metabolic syndrome, 11 and hypertension. 4 Similarly, GDM has been shown to be more prevalent among racially/ethnically diverse than among non-Hispanic white populations. 12 A recent study by Bentley-Lewis et al found that black and Hispanic women with a history of GDM were more likely to develop hypertension and did so more rapidly compared with white women with a history of GDM. In addition, they observed that women with GDM had greater hypertension risk relative to their race/ethnicity-specific counterparts without GDM in race-stratified analyses. 4 However, this investigation did not examine the impact of variable degrees of glucose intolerance on the progression to hypertension. Consequently, our population-based cohort study will extend the current literature by examining this previously published cohort study enhanced by additional racial/ethnic diversity and stratified by glycemia ranging from normal glucose tolerance to GDM. We then followed the cohort for the subsequent development of hypertension, hypothesizing that women with gestational dysglycemia not meeting criteria for GDM would be at an increased risk of future hypertension independent of intercedent type 2 diabetes mellitus. Furthermore, we hypothesized that women of any race/ethnicity with gestational dysglycemia would be at an increased risk of hypertension compared with their normoglycemic race/ethnicity-specific counterparts.
Methods
We analyzed a prospective observational cohort of women who presented for prenatal care to the Massachusetts General Hospital Obstetric Department between September 1998 and January 2007. Details of this population have been previously described. 4 In brief, from an initial population of 23 223 women representing 31 140 pregnancies, women were studied if they delivered full-term (gestational age ≥37 weeks), live infants; had no antepartum history Abstract-Gestational diabetes mellitus is associated with an increased risk of type 2 diabetes mellitus and hypertension.
Additionally, gestational dysglycemia has been associated with an increased risk of type 2 diabetes mellitus but not yet associated with hypertension subsequent to pregnancy in long-term follow-up. Therefore, we set out to examine this relationship as well as the role of race/ethnicity in modifying this relationship. We analyzed a prospective observational cohort followed between 1998 and 2007. There were 17 655 women with self-reported race/ethnicity and full-term, live births. A 1-hour 50 g oral glucose-load test and a 3-hour 100 g oral glucose-tolerance test enabled third trimester stratification of women into 1 of 4 glucose-tolerance groups: (1) normal (n=15 056); (2) abnormal glucose-load test (n=1558); (3) abnormal glucose-load and -tolerance tests (n=520); and (4) gestational diabetes mellitus (n=521). Women were then followed for a mean±standard deviation of 4.1±2.9 years after delivery for the development of hypertension. The primary exposure, glucose tolerance, was defined by the results from the GLT and GTT, which enabled stratification of participants into 1 of 4 glucose-tolerance groups: (1) normal GLT (60≤GLT<140 mg/dL); (2) abnormal GLT (140≤GLT<200 mg/dL and normal GTT); (3) abnormal GLT/GTT (140≤GLT<200 mg/dL and 1 abnormal GTT); and (4) GDM (140≤GLT<200 mg/dL and ≥2 abnormal GTT). Abnormal values on the GTT were based on Carpenter-Coustan criteria.
14 The primary outcome, hypertension, was identified by International Classification of Diseases, ninth revision code 401.xx obtained from electronic medical records comprising inpatient and outpatient data.
Additional clinical data included height, weight, and baseline seated blood pressure measured at the first prenatal visit. Blood pressures were measured as part of usual clinical care after at least 5 minutes of rest in a seated upright position. Measurements were obtained in a quiet office by clinicians experienced and well-trained in the conduct of mercury sphygmomanometer blood pressure acquisition by Korotkoff sound auscultation. 15 Body mass index (BMI) was calculated as weight (kg)/height (m 2 ). Gestational weight gain was calculated as the difference between the initial prenatal visit weight in the first trimester and the third trimester visit weight measured proximate to delivery. Gravidity, parity, and breastfeeding at discharge were abstracted from the medical record. Smoking history was abstracted through an electronic medical record review of each woman's Massachusetts General Hospital encounters within 1 year after delivery. Years of education and marital status were obtained through maternal self-report. Length of follow-up was calculated from date of delivery to the date of last Massachusetts General Hospital encounter.
Characteristics of the study population stratified by glycemic status were described by number (percentage) for categorical variables and mean±SD for continuous variables. Independent samples t tests and χ 2 tests were used to compare demographic and clinical characteristics by exposure status. One-way analysis of variance was used to summarize race-and glycemic status-stratified characteristics. Multiple comparisons were performed as necessary using post hoc adjustments. Follow-up time was summarized using mean±SD.
Women with normal GLT were used as the reference group for all analyses. Women were censored if they developed type 2 diabetes mellitus before the development of hypertension to minimize confounding because having type 2 diabetes mellitus is a significant risk factor for CVD. 16 If no hypertension developed, women were censored at the time of their last Massachusetts General Hospital encounter. Statistical comparisons among glycemia groups were conducted using repeated measures logistic regression models with generalized estimating equations accounting for correlations between repeated pregnancies in the same mother.
Multivariable Cox proportional hazards models with time-varying covariates were used to examine the independent association between glycemic status and risk of hypertension after delivery, adjusted for age, race, gravidity, parity, systolic blood pressure, BMI, gestational weight gain, birth weight for gestational age percentile, breastfeeding at discharge, smoking status, marital status, and years of education. Covariates were selected based on statistical significance among glycemia groups in age-adjusted analyses. Additional clinical and socioeconomic factors were selected if considered to be potential confounders of the relationship between dysglycemia and hypertension. For instance, prior studies have suggested that breastfeeding results in lower maternal blood pressure; 17 marriage is associated with a lower risk of hypertension; 18 smoking is a significant independent risk factor for hypertension; 19 and education is inversely associated with hypertension risk factors, such as smoking, BMI, and systolic blood pressure. 20 To examine effect modification between glycemic status and race, race-stratified Cox proportional hazards models were performed. Multivariable race-stratified models retained the same terms as overall models except for the race covariate. P values <0.05 were considered
Figure. Study population flow. From our initial Massachusetts General Hospital (MGH) Obstetric Database population of 23 223 women, women were selected who delivered live-born, infants at term (n=19 310); had no history of cardiovascular disease (CVD) or diabetes mellitus (DM) before delivery (n=18 412); and had complete biochemical and race/ethnicity data (n=17 655). Based on a 1-hour glucoseload test (GLT) and 3-hour glucose-tolerance test (GTT), we stratified participants into 1 of 4 glucose-tolerance groups: normal GLT (60≤GLT<140 mg/dL; n=15 056), abnormal GLT (140≤GLT<200 mg/dL and normal GTT; n=1558), abnormal GLT/GTT (140≤GLT<200 mg/ dL and 1 abnormal GTT; n=520), and gestational diabetes mellitus (GDM; 140≤GLT<200 mg/dL and ≥2 abnormal GTT; n=521).
by guest on November 8, 2017 http://hyper.ahajournals.org/ Downloaded from statistically significant. All statistical analyses were performed using SAS for Windows, version 9.2 (SAS Institute Inc., Cary, NC).
Results
The women included in the analytic population (n=17 655; Figure) were followed for a mean±SD of 4.1±2.9 years after delivery for the development of hypertension. Baseline characteristics are summarized in Table 1 with additional covariates listed in Table S1 in the online-only Data Supplement. Notably, women with abnormal GLT (n=1558), abnormal GLT/GTT (n=520), and GDM (n=521) were significantly older, had higher BMI, had higher systolic and diastolic blood pressures, higher baby weight, and were of a greater birth weight for gestational age percentile compared with women with normal GLT (n=15 056). Women with GDM also had greater gestational weight gain compared with women with normal GLT.
Regarding risk factors for hypertension, we observed no significant difference in smoking status across the 4 glycemia groups. Women with GDM had significantly fewer years of education, and women with abnormal GLT and abnormal GLT/GTT were more likely to be married than women with normal GLT. Comparing within each racial/ethnic group, black and Hispanic women were most likely to have GDM and white women were most likely to have normal GLT. Asian women were more likely to have abnormal GLT, abnormal GLT/GTT, or GDM than normal GLT.
When considering the association between glycemic status and subsequent hypertension (Table 2) , only women with GDM had an increased risk of hypertension compared with women with normal GLT after full multivariable adjustment. However, women with abnormal GLT had an increased risk of hypertension before adjustment for socioeconomic status. Notably, these data are in contrast to the risk of type 2 diabetes mellitus, which is increased at all levels of dysglycemia regardless of statistical adjustments (Table S2 ). In race-stratified analyses (Table 3) , there was no significant difference in hypertension risk among Asian women with dysglycemia compared with Asian women without dysglycemia. Both white and Hispanic women with GDM had a significantly BMI indicates body mass index; BP, blood pressure; GDM, gestational diabetes mellitus; GLT, glucose-load test; and GTT, glucose-tolerance test. Normal GLT (60≤GLT<140 mg/dL); abnormal GLT (140≤GLT<200 mg/dL and normal GTT); abnormal GLT/GTT (140≤GLT<200 mg/dL and 1 abnormal GTT); GDM (140≤GLT<200 mg/dL and ≥2 abnormal GTT). *Significant at P<0.05. by guest on November 8, 2017 http://hyper.ahajournals.org/ Downloaded from higher risk of hypertension compared with their racially/ethnically-congruent counterparts without GDM after adjusting for age, gravidity, and live births; however, these results did not remain significant after introducing additional covariates. Black women with abnormal GLT or GDM were at significantly higher risk of hypertension compared with black women with normal GLT when adjusting for age, gravidity, and live births. After full multivariable adjustment, only black women with abnormal GLT had a significantly increased risk of hypertension compared with black women with normal GLT.
Discussion
In this study, we examined the ability of varying degrees of dysglycemia to predict hypertension independent of intercedent type 2 diabetes mellitus and after adjusting for several demographic, clinical, and socioeconomic status covariates. We observed no relationship between non-GDM levels of dysglycemia and incidence of hypertension in the general population. However, when examining the population stratified by race/ethnicity, we observed that black women with an abnormal GLT did have an increase in subsequent hypertension relative to black women with normal GLT.
An investigation by Retnakaran et al examined the association between gestational dysglycemia and subsequent hypertension. 21 They observed that women with impaired glucose tolerance or GDM had significantly higher systolic blood pressures and a greater use of antihypertensive medications than women with normoglycemia at 3 months postpartum. 21 However, this study did not perform a prepregnancy assessment of cardiovascular risk factors, thereby limiting our ability to determine whether the increased CVD risk was present before pregnancy.
Additionally, to our knowledge, our study is the first published examination of the impact of race/ethnicity on the relationship between gestational dysglycemia and subsequent hypertension. Comparing within each racial/ethnic groups, black and Hispanic women were more likely to have GDM than normal GLT, and white women were more likely to have normal GLT than GDM. Asian women were more likely to have any degree of dysglycemia than normal GLT. In race/ ethnicity-stratified analyses of the non-GDM dysglycemia groups, only black women with abnormal GLT were at a greater risk for hypertension compared with black women with normal GLT. This finding was only evident in the abnormal GLT group and not the groups with greater degrees of dysglycemia, potentially reflecting the smaller sample size of the abnormal GLT/GTT group of black women and a lack of incremental impact of race on the background of dysglycemia. Because our sample size of black and Asian women within each glycemia group was limited relative to the numbers of white or Hispanic women, further research in larger, racially/ ethnically diverse populations may enhance our understanding in this area. Nonetheless, our data reveal a differential risk of hypertension based on degree of glucose intolerance, and this risk is further impacted by population race/ethnicity.
The strengths of our study lie in the examination of the impact of race/ethnicity on the relationship between degrees of gestational dysglycemia and hypertension while eliminating potential confounding by intercedent type 2 diabetes mellitus. We statistically adjusted our models for several demographic, clinical, and socioeconomic factors, which have been shown to influence the risk of hypertension. [17] [18] [19] [20] The mean follow-up period subsequent to delivery of 4.1 years enabled assessment of hypertension development beyond the postpartum period. Additionally, the racial/ethnic distribution of our population of pregnant women is comparable to and, therefore, generalizable to that of the United States. 22 Despite the rigorous methodology by which we obtained and analyzed our data, we acknowledge several potential limitations to our study. First, the limited sample size and consequent limited racial/ethnic diversity among black and Asian women potentially limited our ability to detect differences in these subgroups. Additionally, the use of electronic medical records may have limited our ascertainment of data that could impact hypertension risk, such as changes in smoking, physical activity, or BMI. Moreover, we may have missed data if women presented for medical care at outside facilities during CI indicates confidence interval; GDM, gestational diabetes mellitus; GLT, glucose-load test; GTT, glucose-tolerance test; HR, hazard ratio; SES, socioeconomic status. Normal GLT (60≤GLT<140 mg/dL); abnormal GLT (140≤GLT<200 mg/dL and normal GTT); abnormal GLT/GTT (140≤GLT<200 mg/ dL and 1 abnormal GTT); GDM (140≤GLT<200 mg/dL and ≥2 abnormal GTT). *Significant at P<0.05. †Demographic=age, race, gravidity, parity. ‡Clinical=systolic blood pressure, body mass index, gestational weight gain, birth weight for gestational age percentile.
§SES=smoking status, breast feed at discharge, marital status, years of education.
by guest on November 8, 2017 http://hyper.ahajournals.org/ Downloaded from the study time period. Nonetheless, we are confident in the data obtained and in our ability to draw conclusions from these data, while recognizing that these limitations prompt further research in a larger, more racially/ethnically diverse population of women.
Perspectives
Gestational dysglycemia that does not meet criteria for GDM could be considered among the risk factors for hypertension depending on an individual's race/ethnicity. For instance, our study identified a significant positive association between gestational dysglycemia and hypertension risk subsequent to pregnancy among black women, even after adjusting for several clinical, demographic, and socioeconomic status characteristics. However, because black women represented only 4.5% of the dysglycemia group, further study in populations with larger race/ethnicity subgroups is warranted to confirm that gestational dysglycemia is an independent risk factor for hypertension. Nonetheless, recognition of the potential adverse health outcomes associated with varying degrees of glucose tolerance may enhance risk stratification for women at risk for hypertension after pregnancy.
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